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INTRODUCTION 

It has been the experience of the writer that students 
in algebra have difficulty in solving verbal problems. Since 
the author's teaching experience has been limited to first- 
year algebra, he cannot say that this is true for more advanced 
students. However, from conversations with other teachers, 
he has been led to believe that this difficulty is also found 
in the upper classes of high school mathematics. 

Although material pertinent to the study of difficulties 
in solving word problems is available, the author believes 
that treatment on the subject as a whole has been neglected. 
Most of the previous work done on this phase of education has 
been concerned with the various steps which go to make up the 
solution of verbal problems. For example, Daily2/ has a very 
good treatment on selection of essential data in word problems. 
More attention will be paid to these reports in the first 
chapter of this thesis. 

It is the primary purpose of the author to report in this 
thesis on the results of a test constructed to discover where 
the pupils are making mistakes in their attempts to solve 
verbal problems. A secondary purpose is to briefly consider 
the reasons for the use of word problems in elementary algebra. 


This latter aim will be accomplished by reviewing one of ‘the 


reports available. 


i 0 Pupils to 
Select Mssentia ain in solying = 
Problems, lfeachers College, Columbia 
University, New York City, "1925. 
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The material upon which this thesis is based was obtained 
by giving a newly constructed and original algebra test to 
462 second-year algebra students of Massachusetts and Vermont. 


A copy of this test is included in the appendix. 
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CHAPTER I 
REVIEW OF RELATED LITERATURE 


From the literature which is pertinent to the subject, 
the writer has chosen several representative works which will 
be briefly summarized. 

There was no report discovered which treats the topic 
of problem solving in algebra in its entirety. However, 
several works were chosen to represent various sub-topics 
of the subject being considered in this thesis. 

Section A of this chapter is given over to the topic of 
why problems are taught. The section is mainly a condensation 
of Chapter I of sanfora's=/ "History and Significance of 


Problems in Algebra", 


A. WHY PROBLEMS ARE TAUGHT 

I. The Three Types of Problems 

Algebraic problems may be grouped into three general 
divisions. These are (1) genuine problems, (2) puzzles, 
and (3) an intermediate class. 

Genuine problems are those which arise from our environ- 
ment and are used to solve real situations. They are included 
in our textbooks in an attempt to link reality to theory. 


This justifies the inclusion of the subject matter on one 


hand, and shows how mathematics is useful in the life we 


i/ Sanford, Vera, The History and Significance of Certain 
Standard Problems in Algebra, Teachers 


College, Columbia University, New York 
City, i92T. 
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lead on the other hand. 

An example of a genuine problem is, “A dealer has 100 
gallons of mixture which is 80 per cent alcohol. How many 
gallons of a 90 per cent mixture must be added so as to make 
a@ mixture which is 82.5 per cent alcohol?" 

Puzzle problems are due entirely to man's curiosity and 
to the liking which he has for riddles. They exist mainly 
because of thegappeal they have to our imagination. They are 
placed in textbooks in order to show some of the intrinsic 
values of mathematics, and to satisfy the interest man harbors 
for puzzles. 

An example of a puzzle problem is, "A man is twice as 
old ag his wife was when he was as old as she is now. ‘then 
she is as old as he is now, the sum of their ages will be 
100 years. Find their ages now." 

The third type of word problem is that which might be 
called the pseudo-real problem. This type of problem attempts 
to combine the usefulness of the real problem with the fasci- 
nation of the puzzle problem. The intermediate problem has 
more possibilities for variations than has the genuine problem. 


Another reason for their existance is the desire to experiment, 


that is to see if first one and then another of the stated 


quantities may be found, ‘the last reason is the purely negative 


reason that no other problems have been devised to fir the 


situation to better advantage. 
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An example of a pseudo-real problem is, "James has twice 


as much money as Charles and four times as much as William. 


Together they have $1.75. How many cents has each?" 


In this report, the author has attempted to deal with some 
of each of these types. This is done so that the student taking 
the test will not be working entirely on ground with which he 


may be familar or which may be disliked. 


| II. The Use of Problems in Textbooks 


Various authors give more attention to certain types of 


| problems then do others. Also with the change of time there 


| has been a change in the problems which appear in the text- 


books. fhompaont/ and Poole2/ analyzed nine American text- 


| books published from 1808 to 1929, They discovered the number 
|of times the various types of problems appear. ‘hse results 


are given in the following paragraphs. 


Thompson found twelve types of problems occurring in one 


unknown. In order of frequency these are: numbers, distri- 


bution, uniform motion, mixture, geometric, investment, work, 


age, money, cost, percentage, value, and miscellaneous. 


| 17 Thompson, Therm B., "A Study of the Variations in Type and 


Frequency of Written Problems in One 
Unknown; as Svidenced by an Analysis of 
Several Standard Algebra Textbooks", 
Unpublished Master's Thesis, Boston 
University, School of Education, 1933. 
2/ Poole, Roger K., "A Study of the Variations in Type and 
Frequency of 4ritten Problems in Two 
Unknowns; as Hvidenced by an Analysis of 
Several Standard Algebra Textbooks", 
Unpublished Master's Thesis, Boston 
University, School of Education, 1933. 


ee SS 


Poole also found twelve types of problems occurring in 
two unknowns. In order of frequency these are: numbers, 
distribution, uniform motion, mixture, cost, geometric, money, 


age, investment, weight, capacity, and value. 


III. Reasons for Teaching Word Problems 
There are several reasons given for the teaching of word 
problems. Among these are three which the author will discuss 
briefly. They are (1) as an exercise in analysis, (2) they 
link theory with reality, and (3) interest of the pupils in 
| word problems. 
Among the reasons given for using verbal problems as an 
exercise in analysis is to provide practice in analyzing 
situations to see what mathematical ralationships are present 
and how these relationships may be used to answer a question 
stated in the problem. ‘The other main reason is to provide 
for the transfer of training, in so far as the pupil sees 
likenesses between situations. 
| In order to justify the inclusion of the subject matter 
and to show how this theory is useful in life situations, 
the attempt to link reality with mathematics has been made. 
"Genuine or real problems are the medium for this although 
at times the use of puzzles and pseudo-real problems are 
used to convey this information. 
| The third reason is pupils' interests. Many pupils are 


more interested in working word problems than in doing other 
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(2) the four fundamental operations, and (3) factoring. Thus, 


types of algebraic computation, Sennsyt/ discovered that 
problems ranked fourth in the preference of high school stu- 


dents. The three most popular interests were (1) equations, 


it seems that pupils are interested in word problems and this 


is a good reason for their inclusion in mathematics courses. 


Be RSVIEW OF OTHER LITERATURE 


In this section the writer will briefly summarize the 


findings of several students on various phases of problem 


solving. One of these reports does not actually deal with 


were rated higher in interest by the teacher than by the pupils. 


problem solving, but is included since it is connected with 
the subject of this thesis. 
Powel1=/ discovered that teachers overestimate their 


ability to create interest in problem-solving. iore problems 


"The pupil is most interested in problems thst express Beir er 


that describe situations in which he may wae tecparee The 


pupil likes a problem better when it is stated so as to give 


a definite challenge. 


} 
| 
} 


| 


Drake4/ and cooperating teachers, gave vocabulary tests 


covering algebraic words and expressions to students at the 


owney, Walter F., "Mathematical Interests of Hig choo 


| 
| 
| i 


Pupils", Report of the National Committee 


On Mathematical Requirements, 1923. 


_2/ Powell, Jesse J., A Study of Problem Material in High 


School Algebra, Teachers College, 


| Columbia University, New York City, 1929. 
3/ Powell, Jesse J., Ibid, pp 33. 
4/ Drake, Richard M,, "The "Effect of Teaching the Vocabulary of 


Algebra", Journal of Hduea tional Research, 


ee April 1940, pp 601-610. 
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beginning and end of each of six units of work. Seven schools 
in and around Minneapolis, Minn. cooperated in the study. 


Bach school provided two groups, a vocabulary group and a 


| control group. The vocabulary group put special emphasis 


on the mastery of frequently missed words as discovered by 
the pre-test. The other group received such instruction 


incidently. At the end of the study, the vocabulary group 


_ showed the most favorable effect upon algebraic achievement. 


No effort was made to see if this gain in vocabulary under- 


standing was lasting or temporary. 
McKim' st/ study was undertaken to discover the relation- 


ships between the reading of algebraic and non-algebraic 


materials, and between these measures and achievement in 


algebra. Two tests were built, one on reading problems in 


algebra, and one on reading passagessimilar to those met in 


algebra textbooks. Three other tests were also given-- 


Terman Group Test of Mental Ability-Form A, New Stanford 


Reading Test-Form V, and the Orleans Algebra Prognosis Test. 


Correlations were obtained between all these tests and the 


| results on the mid-term and final examinations given in the 


-sehool. <All the correlations were smaller for the final test 


then for the mid-term test. The correlations obtained are 
given in the accompanying table. It is significant to note 


that they are all fairly high and show that algebraic achieve- 


-, the Kgading o erbal Material in Nin 


University, New York City, 1941. 
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Grade Algebra, Teachers College, Columbia 
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ment is partially dependent upon reading ability. 


| Correlations obtained by MeKimL/ 


Test Mid-Term Final 


Terman Group Test of liental | 


| Ability-Form A 52 -46 
/ New Stanford Reading Test-Form V 
Paragraph Reading 047 40 
Word Meaning EY ~36 
! Orleans Algebra Prognosis Test - 56 247 
| Test of Reading Problems 

Parts A and B 250 49 
| Part ¢ ~oe «on 

Test of Reading Passages* 
Part A - 56 202 
Part B 62 61 


*Tests built by McKim for the study 


2/ 


The purpose of Clark's=’ report was to determine (1) the | 
improvement made by ninth-grade algebra pupils in their general 


| reading ability, due to intensive remedial instruction; and 


|(2) the improvement which this may effect in the algebraic 


achievement of these same pupils. Two groups were given the 
1] 

| remedial instruction, one group did not receive any remedial 
| instruction. 


There was @ mean gain of 2.7 in grade level for the 


remedial group, and 1.8 for the non-remedial group. The 


| correlation between reading comprehension and algebraic 


achievement was .70 for the remedial group and .45 for the 


“non-remedial group. This shows that a higher coefficient of 


correlation between reading comprehension and algebraic 


1/ McKim, Margaret G., Ibid, pp 71. 
2/ Clark, Mildred I., "The Effect of Remedial Work in Reading 
ee ao =. __Upon Algebraic Achievement", The Math- 


ematics Teacher, February 1939, pp 65-67. 
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achievement may be obtained by remedial instruction in the 
former. 

Dailyt/ found that pupils doing regular problems obtained 
higher scores than if doing problems containing superflurous 
or insufficienct data. He gave 6 regular and 6 special 
problems to 206 students. The scoring was done on a 2,1, 0 
basis, the 1 being for partial success. The mean score for 
the regular problems was 9.84 and for the special problems 
3.49. From these results it is apparent that pupils are not 
trained in the selection of essential data. 


Daily also discovered "(1) that it is not a common 


practice to require first-year high school pupils to exer- 


cise discrimination in the choice of data for the solution 
of algebra problems, (2) that it is possible, by means of 


specific instruction, so to teach pupils that they consciously 


exercise this desirable function, (3) that when pupils have 


been taught to select data necessary for solution of mathe- 


matical problems, they improve in ability to select data for 


Py 


problems in other fields of learning". 


1/7 Daily, Benjamin W., Op. Cit. 


2/ Daily, Benjamin W., Ibid, pp 81. 
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CHAPTER II 
BUILDING THE TEST 


Once the problem was determined, the testing instrument 
remained to be chosen. Since there was no satisfactory 
commercial test available to fill the needs of the problem 
it became necessary to construct a test that would fulfill 


the specifications set up. 


A. DISCRIPTION OF THE TEST 


The present test was decided upon after carefully invest- 


igating other possibilities and other test items. Mr. Syer's 
class in "The Teaching of Secondary School Mathematics" took 
the tentative test and made many valuable suggestions which 
helped a great deal in revising the test. A large number 

in this class were mathematics teachers or had had experience 
in the teaching of mathematics. 

The test consists of seven sections. These sections or 
topics were chosen since the author believes they have the 
most direct bearing upon the subject under consideration. 
Other topics were considered but were omitted as not being 
as pertinent to the study as those retained. 

One reason for not including more topics and more items 
in this test is the time element. A short period of time 
does not allow one to test this subject with the thoroughness 


it deserves. By including these seven topics in one test of 
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54 items it was easier to obtain the cooperation of teachers 
to administer the test to their classes. A period of 45 
minutes is the ideal length of time to allow students to 
work on the test. 

However, since different school systems have periods of 
unequal lengths, the author has set no definite time limits on 
the test or on its individual sections, preferring to allow 
the pupils to proceed according to their individual speeds and 
abilities. Thus the students in classes with short class 
periods can go from one section to another and better results 
should be obtained. This procedure should also give a better 
indication as to where difficulty lies in the solving of word 
problems in algebra. 

By allowing the students to do those problems which they 
can do most easily and quickly, they will leave the more 
difficult ones unanswered or will return to do them after 
completing the others. The time that they save in this way 
allows them to try more of the items then they might try 
otherwise. This also shows where some of the difficulties 
of problem solving lie. 


The seven sections of the present test are: vocabulary, 


| arithmetic, algebra fundamentals, reading, setting up algebraic 


| 


| 
| 


expressions, setting up algebraic equations, and solving 
algebraic equations. 


The processes in the sections range from elementary 


addition and subtraction through quadratic equations. Thus 
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the author feels that practically all pertinent facts relative 
to solving word problems have been included. 

There are other topics which one could include in a test 
on word problems, but because of a limited time in which to 
give the test they were not included. “or example, one of 
these topics is checking. Once the pupil has gone through 
the steps of problem solving and obtained an answer he should 

return to the problem and find out if his obtained answer 
satisfies the conditions stated in the problem. If his answer 
does satisfy these conditions he has done his work correctly, 
if it does not he must go over his work to discover his mis- 


take. 


B. DISCUSSION OF THE TEST 
I. Vocabulary 
The words making up the list contained in the vocabulary 

section of the test were decided upon as being among the key 
words in word problems in algebra. This was done by studying 
| word problems in several algebra texts to discover which words 
Were most often used as the "key words" in problems. The 
| first list of words considered contained nearly seventy words 
| pertinent to the subject of algebra and problem solving. 

Many of these words were eliminated because they do not 
Occur with enough frequency to be considered as important to 


| the study. Others were excluded since it is possible for a 


| pupil to perform the operation without knowing the definition 
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of the term. Still other words were omitted because they 
were not so common in algebra as in geometry or trigonometry. 
For example, angle or tangent are not as much algebraic as 
they are geometric and trigonometric. 

Column B of Section I contains definitions or examples 
to match with the words of Column A. Since many teachers of 
mathematics teach slightly different definitions for the same 
term, examples instead of verbal definitions have been used 
Whenever possible or practical. for example, in Column B, 

P is definitely an example of a formula and should be matched 
with number 9 of column A. If the writer were to define 
"formula" in words it might have led to more misunderstanding 
to those who would have other definitions for "formula". 

Also, by using examples where possible the pupils can do 
the exercises with less time spent in reading definitions 
and will therefore be able to do the section faster. This 
gives the pupil more time to work on the remainder of the 
test; time which might be valuable if the class period is 
less than 45 minutes. 

II, Arithmetic 

Since it is quite probable that many of the pupils in 

our algebra classes have difficulty doing arithmetic, a section 
has been included on this subject. If it is true that some 
pupils have difficulty doing elementary arithmetic they will 
| find themselves handicapped when it becomes necessary to use 


_ these processes in algebra. 
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The reason for including a section on arithmetic is to 
discover how many pupils are bothered by a poor background 
in this fundamental mathematics. The section contains fractions 
and decimals as well as the four fundamental operations with 
which the pupil should be familiar. 

By including these different processes it may be possible 
to discover which arithmatical processes are causing diffi- 
culty to high school algebra students. 

lil. Algebra Fundamentals 

a section on the fundamentals of algebra is included in 
the test to discover if the pupils are having difficulty in 
using the fundamental skills they acquired in their first 
experiences in algebra. Those included were considered to 
be the most important ones wsed in algebraic equations 
arising from problem solving. 

In giving the Hotz Algebra Scales, Form A, W. CO. aed 
discovered that fractions gave pupils the most difficulty 
among the processes. in this study Hurd also found that 
equations and formulas also gave the pupils difficulty. 

In this study we are interested in discovering if failure 
in doing the fundamental processes is related to the solving 


of word problems. 


1/ Hurd, W.C., "A Study of Individual Differences and Failures 


in Algebra", Unpublished Master's Thesis, 
Boston University, School of Education, 1935. 
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IV. Reading 

In order to be successful in solving word problems, one 
needs to read and understand the problem. He must understand 
what he is to find, what pertinent information is given and 
how to use this information. It is important that the student 
should recognize when extra data are included in a problem 
and that he be able to reject that which is not needed to 
solve the problem. 

Buekinghaml/ discovered that the relationship between 
silent reading ability and ability in first year algebra 
is low but positive. If this study showed correlations 
between reading ability and ability in solving word problems 
it is possible that a higher relationship might exist. In 
another study, Stright= 2/ found that special instruction in 
general reading skills was reflected in proficiency in algebra. 
Soasietar>/ says, "From research and experience it seems clear 
that improvement in reading skills results in improvement in 


problem solving." 


1/ Buckingham, Guy E., "The Kelationship Between Silent Reading 
Ability and First Year Algebra Ability" 
The Mathematics Teacher, March 1937, 
pp... 130-132. 

2/ Stright, Isaac L., "The Relation of Reading Comprehension 
and Efficient liethods of Study to Skill 
in Solving Algebraic Problems", The 
Mathematics Teacher, December 1938, 
pp. 368-372. 

3/ Spangler, Mamie, "Why is the Ability to Recognize Relation- 
ships in Reading of Problems so Vital, 
and What Methods May be Used to Develop 
this Ability?", School Science and 
Mathematics, » MET “1946, pp. 450. 
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In this section we actually begin to do the steps of 

problem solving, whereas the first three sections of the 

test have a more indirect bearing on the subject. Reading 

is actually the first process the student attempts in solving 

verbal problems. If the student is unable to read and inter- 

pret the wording of the problem with accuracy, he will 

encounter difficulty in the other steps of his work, Also, 

if the pupil:doesn't understand the meaning of a key word 

in a problem, difficulty will arise when he attempts a 
_gsOlution. For example, one may try to solve a problem with 

one unknown when there are two unknowns present. 

The section on reading included in this test was designed 
to find out if the pupil could discover certain factual 
information contained in the items. These problems were 
chosen because they represent difficulties often appearing 

| in algebraic exercises. Perhaps they seem more fifficult than 
the usual problem, but it is the writer's opinion, that prob- 
lems like these are causing a great deal of confusion to 
algebra students. 

Vv. Setting up Algebraic Expressions 

Once the pupil has read the problem and decided what the 

question is that he must answer, his next step is to set up 

| algebraic expressions to help him in solving the problem. 

This step is one of great importance in problem solving. If 

| the pupil fails to give the correct values to the expressions 


| needed, his work will be in error. Also the procedures 
= ie st eA hs ee 


sprees Aa 
shea ibi atk 


‘ F ae P v a. vs ieee 
| € nottsecée serait tarit sag ga: Bi 
d r . ys 
| stoobdse ent até aritvess Jowtteaiyioteart 
' . 
] 


antvfos at.sionott (e farre™ oii clever Tent ~ sae Gite 
en ‘ Te , -y ; AG 

-totat ioe heer ot ofdens fl Gmehslre ene 22 andor ped 

roshooa dtiw mefdoty sat to ar bixow eat “tee 


| . ' i *. ) K 
| oa fA .atow eid to edtie usdt ovens gz et tage th 8 setae | 
‘ ee 


dhe? +e ei pedi eles Bite ee tner eee “aot 
fiw méicorg & evTioe Gt YTs Yea ong qGuexz9: Tok 


.tnheReta ean Onmabni owt ote ested? aechy ah 
Deniiesh rew teed ¢idt ni beimfent gyibeet no nolteoe ot 
Lag - 

| me; +3 fs) & 

erew emefdor eben!  .emett sat oi Bentstreo ; 


j at 
s a f- Be A ce 
0 baee 
" 4 iad 

a, 1 

7; 5 Ke ; 


far¢oat ostatros -tevooslh blyoo Ilaqsgq er 


4 
a Ps 7 oT, 


A kh 


shy 


TCS ee ; » wrt s a oo i> c t r ; 
-(org .dgsedt . cotatqe se” tedinw off af oie oie man es 


sad pro 


‘oo to £seb taors £ eae &9 One’ ogedt 


> 


et satest 


‘ ¥ 
snot eperqza piardegt a air 
mA Say . 


art 
qu tog Of e: cots ‘Jean etx sotane eu edt! teat 


° 


edd dudw bebioed hos. msidera end: baer’ eat fbgu 


~Meldorq sat sgiviog al eid wed G4 N 
j T } “ ge a ‘ . a , 
ar T giivica’ metdory mf. eons rtoqml. teer 


’ . Py 
i) \greteserqxe edt of pentev hens 


> eae oa ae 


| 
} 


| 


20 


following this important part will not be correct. 

It is in this step that the pupil needs to realize the 
fact that he will need to set up as many unknowns as he found 
necessary by reading the problem. He must also be able to 
place correct values for each expression that is compared with 
some other. For example if a problem states that there are 
twice as many quarters as dimes in a certain situation, he 
must give the expression for quarters twice the value as that 
for dimes. 

The two problems stated in this section were chosen 
because the author believes they present a difficulty to the 
student, and because problems like these occur quite frequently. 
Pooled/ in his analysis of nine algebra textbooks discovered 
that motion problems containing two unknowns were third in 
quantity following numbers and distribution problems. Thomp- 
sone’ analyzed the same nine books for word problems in one 


unknown. His results show that mixture problems are fourth 


in quantity following numbers, distribution, and motion. 


The reason for not including age problems or coin problems 
is that they are more common and the pupils have become better 
acquainted with them. The student should be able to solve 
problems which state different situations. It seems to this 
writer that problems like those chosen present circumstances 
which the pupil must see and overcome if he is to solve the 


1/ Poole, B. K., On. Crt. 
2/ Thompson, T. B., Op. Cit. 
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VI. Setting up Zquations 

After reading the problem to find out what the question 
is to be answered and the algebraic expressions have been 
proposed, the student's next operation is to place the infor- 
mation obtained into the form of an equation. ‘This procedure 
transforms the verbal question into algebraic symbols, and 
when the equation is solved will provide the answer to the 
question. One can readily see that this step is an important 
undertaking. 

If the pupil fails to include the correct expressions 
in an accurate arrangement in the equation, he will be unable 
to answer the question stated in the problem al all. In 
order to use the correct expressions, he must choose those 
values he has set up in the previous step which are pertinent 
to the situation given. At times he will not use all the 
expressions. 

The two problems selected for this part of the test are 
Similar to the problems of Section V, in that each division 


contains a distance and a mixture problem. Both problems 


| have algebraic expressions which are not needed to set up the 


| 


equation but should help clarify the other expressions. 


To illustrate the last sentence, the author will give 


examples from each problem. In problem 1, X #* number of miles 


given. This expression is not needed to solve the problem 


but helps clarify the expressions xX and X. In problem 2 only 
wv : 6 


le 
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two of the expressions are needed to set up the equation, 


These are (1/4)(60 + X) and 6+X. ‘The others are included 


to help clarify the derivation of these expressions. 


These two equations when set up provide the student with 


two types of problems. One contains fractions, the other 


does not. The main reason for not including a greater variety 


of problems in this section is the time element. 
VII. Solving Equations 

After the student has set up the equation, the next 
operation in the solution of word problems is to solve the 
equation in order to obtain the answer to the question asked 
in the statement. 

The purpose of this section is two-fold. First, it 
presents the individual with a problem and its equation to 
solve. Secondly, it requires him to find out what the guaetians 
is that he must answer. 

At first glance, it might seem that this section is a 


repetition of Section III as both contain algebraic equations 


to be solved. However, the equations in this section are more 


commanding and require more of the fundamental processes than 
“those of Section Ill. Here he is confronted by two quite 
| difficult equations, one necessitates the use of the quadratic 


formula, the other involves the solving of simultaneous 


equations. The third equation contains a fraction and makes 


use of parentheses. 


Although there are other types of equations, these 


4 i 
i ’ 4 7 a =, 
i" & °. - ws Ps r - i 

; Ee" » SEs co \rolisvETeD Ons giitslo,-gf¢ «OS, 

, i 
® ‘ me he a © 
n ~ my gy peter c J {Ti | Lat r Bonn 
‘ HLT i semeldoig to seqyy ews 
' 2% we ( me tea oat tO BeOS 
4 


Ee = 4 af : iA c FRG io Ag fot GUNG L 1.0% g re 


' F .? ts Ot begins sts J Be Tei), v NKepate Sid t6dTA. % 
ot ef amefderaq HSrow te sotinioevedy mii noivetoqe 


? 


tf gpokttespe 


‘od mets i bas me fdore a ats fap biv tbat ent ayive: ong 


of un envus ) » Dre Re og {4 sstiuper cf. , vianeoes cov tog. 
4 4 » ‘ . ¢ . » + : 
f 
rower cs of ig wait et 
4 t + 7 - f 1 + on oe Se ts ‘ 
¢ J rT, j +f) SOS «s ASAE. Vv - VOL +5 i — ee oe vada! i : 
ne i a ‘ 
- . ' ad > 5 The ny be BR + os vores a 
enretrenos nietrdeuts atesnaos. dieq ea ait folgose 20 aotttters id 


stow ots Holteem aldt. al eholfaupée ene ,teyewon Sept od ay 


Rat ip he 


oF. - * H oe AA or * tits a ¢ 
; er t ‘Oe Lau : la MA J is’ m Ae rs POR aA is 6S aa 
. f * ‘ + t A 

. i ‘he f rit) £ we 

ad u 4 Oo Bi BO tas atts HOLE OS 


Le) 
t 
<a 
s 
ed 
’ 
* 
a) 
t 
a 
re 
Ih: 
= 
oom 
Om 


+ f , ~ , op I 4 on! ole ‘ ~ % a. 
cponsd Some to anivilos eng + Lovat xorite 


TOU ves o ‘pe bati, 


peadd janet aupe 20 wage? | 


i ae) 
‘ ’ oe 7 i Shae mr ae ae ee 


represent those which are apt to be most familiar to the 
pupil. The time limit again is the reason for not including 


more problems in this division of the test. 
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CHAPTER III 
CORRELATIONS AND VALIDITY 


Whenever a person is looking at a test or reading a 
discussion of the test there are several questions that come 
to mind. It is the writer's purpose to answer some of those 
questions in this chapter. 

Among frequently asked questions are: (1) Is the test 
valid? (2) Is the test reliable? (3) How does the test 
correlate with other tests? and (4) What was the group these 
correlations were based upon? 

Before attempting to answer the first three questions, 
the author will first answer the fourth question. It is his 
belief that the reader should know about the group before the 


other material of this chapter is presented. 


A. THE GROUP TAKING THE TEST 


The test was given to 462 second-year algebra students 


of Massachusetts and Vermont. Six high schools gave the test 


to their pupils and this report is based upon the answers 


these pupils made. The schools and number of pupils is as 


follows: 
Barre High School Barre, Mass. 25 
Belmont High School Belmont, Mass. 107 
Greenfield High School Greenfield, Mass. 48 
Oak Bluffs High School Oak Bluffs, Mass. 4 
Somerville High School Somerville, Mass. 254 
Speulding High School Barre, Vermont 26 


These 462 students had all had one previous year's work 
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in algebra. Most of the pupils are members of the junior and 


senior classes. The ages of the group range from 14 to 29. 

The two years 16 and 17 include 369 members of this population. 
It is probable that veterans who have returned to school are 
responsible for the older group in second-year algebra classes. 


Table I shows the age and class range for the entire group. 


TABLE I - AGE AND CLASS RANGE 
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*In this table and the succeeding tables class 
names have been abbreviated. The classes are: 
Sophomore, Junior, Senior, Post-Graduate, and 
No Class Stated, 


sen. 


Of these 462 students, 299 are boys. Their ages range 
from 14 to 29. These boys represent members of junior and 
senior classes and contain the entire group of post-graduate 
students. Table II shows the age and class range for boys. 

One hundred fifty-seven girls are represented in the 
results of the test. Their age range is considerably less 
than that of the boys, due perhaps to the presence of veterans 


in the group of boys. The girls ages range from 15 to 18. 
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TABLE II - AGE AND CLASS RANGE FOR BOYS 
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Totals 


They represent members of the sophomore, junior, and senior 
classes. ‘Table III shows the age and class range for the 


girls. 


TABLE III - AGE AND CLASS RANGE FOR GIRLS 
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Of the 462 pupils, 6 cannot be classified according to 
sex. There are two reasons for not including them in the 
previous divisions: (1) they did not write their names on 
the answer sheet, and (2) it was not possible to tell from 
the name whether the student is a boy or a girl. Table IV 
shows the age and class range for this group of uhclassified 


students. 
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The third or junior year seems to be the most common time 


tor students to take second-year algebra. At one of these 
schools, second-year algebra and geometry are taught parallel 
to each other thus covering two years. This may be the reason 
for 123 seniors being in the group. 

| Boys outnumber the girls by approximately two and one- 
half to one in the junior and senior classes. In the group 


@s a whole the ratio is nearly two to one. Table V shows the 


class range by sex. 


TABLE V - CLASS RANGE BY SEX 
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B. VALIDITY 
The question of the validity of a test, or of test scores 
is important. GuilforaL/ has this to say about validity, 
"The question has many facets, and it 
requires clear thinking not to be con- 
fused by them. In crudest terms, we 
say that a test is valid when it 
measures what it presumes to measure. 
This is one shade better than the def- 
inition that states that a test is 
valid if it measures the truth." "... 
we may say that the question 'Is this 
test valid?' should be immediately 
answered by another question, 'It is 
valid for what?'" 

Validity is usually based upon one of two things. they 
are: (1) a set of criteria which the author has established 
before he constructs the test, and (2) correlations between 
| the results of a test and other tests. 

The author has computed correlations of the results on 
this test with results on the California Test of liental 
Maturity. The California Test is subdivided into Language 
and Non-Language divisions. The non-language factors are 
made up of the following aspects: “Immediate Recall, Sensing 
‘Right and teft, Manipulation of Areas, Foresight in Spacial 
‘Relations, Opposites, Similarities, Analogies, Number Series, 
‘and Numerical guaretign n/ These may be grouped into three 
main groups, immediate recall, spacial relationships, and 


reasoning. The language factors are predominately vocabulary 


by, Guilford, J. P., Fundamental Statistics in pepeneL ony and 


Education, McGraw-Hill Book Company, New 
| York, 1942, pp 273. 
2/ California Test of Mental Maturity: Advanced Series: Grades 
/ ~9=-ddult, California Test Bureau, Los Angeles, 
7 = a =o California 
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and delayed recall. 

With the Non-Language 1.Q. a coefficient of correlation 
of 0.16 was obtained as compared with a 0.55 correlation with 
the Language 1.Q. The former correlation is slight and shows 

wemayat declicield Jelaticsenie.’ . Sho secunelattonof G56 
is a moderate correlation but it shows substantial relation- 
ship.2/ From the comparison of these eorrelations it appears 
that the algebra test is more dependent upon language ability 


than upon the non-language abilities. 


C. OTHER CORRELATIONS 
The scores on the algebra test were also correlated with 
the General Ability I.Q. of the California Test of Mental 
Maturity and with school marks. 
With the former a correlation of 0.51 was obtained. 
While this is a moderate correlation, it shows substantial 
relationship and therefore may be considered important. 
School marks correlated 0.66 with the test scores. 
| These marks were given by three teachers in five sections of 
the class. 
Of the 462 results obtained, 50 were used in figuring 


the correlations which are reported in this chapter. These 


50 pupils are members of one of the high schools which gave 


| this test to its mathematics class. This school made its 


records available with the understanding that the author 


| would not mention the locality. This is the reason for not 


Lf Guilford, d. B., Op. Git., pp 219. 
—-2/ Guilford. J.P., Op, Cit., pp 219. 
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giving written recognition to this school. 
All correlations mentioned were figured by use of a 
scatter diagram and the Pearson r. The formula for the 


Pearson r is: 


Beg FH SRE (CxCy) 
rely) 
Where: kX and Y are deviations from the 
guessed mean in terms of the 
class interval as the unit. 


Cy and C_ are corrections in xX and Y. 


y 
Ty, and7y are standard deviations 


in X and Y in terms of the class 
interval as the unit. 
D. RELIABILITY 
The reliability of a test merits considerable consider- 
ation since conelusions which are to be drawn should be free 
from faults. 
"By a reliable test, we mean one 
that is free from erros of measurment 
so that successive measurments of 
the same individual or phenomenon 1 
would yield exactly the same values,"=/ 
There are three methods commonly used in correlating a 
test. They are the (1) test-retest method, (2) alternate 
forms method, and (3) the split-half method. In order to 


find a coefficient of reliability for his test, the writer 


has used the split-half method. 


D@uilford, J. P., Op.Cit., pp 273 
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The Spearman-Brown formula for estimating the reliability 
was used. In using this formula one important requirement is 
that the two parts should yield equal standard deviations in 
the same group of testees. The two parts of this test yielded 
standard deviations of 3.34 and 3.35. The author correlated 
every other item against the others. This is almost an odd 
v. even, but, due to the different number of items in the 
various sections, this is not quite true. 

With the Spearman-Browm formula a reliability coefficient 
of 0.971 was obtained. Table VI shows the scatter diagram 
and computation used in obtaining this correlation. 


The Spearman-Brown formula is: 


x = l 
UL Fee) 


Where: r, is the self-correlation of 
a test in its full length. 


ry is the self-correlation of 
one-half the test. 
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CHAPTER IV 
INTERPRETATIONS OF TEST RESULTS 


In this chapter, the author will attempt to interpret 
the results obtained from giving the test in two ways. 
First, he will discuss the results on the whole test, and 
secondly, he will discuss the results on the individual 
sections of the test. 

Before doing this, a few words about the method of 
administering the test are in order. The tests and the 
answer sheets were placed in the hands of the classroom 
teacher who gave the test. The General Directions to the 
test were read by the teacher and then the pupils were 
allowed to work at their own rates of speed. 

As was expected, the groups did not heve a standard 

| period of time in which to work on the test. the actual 
working time ranged from 26 to 45 minutes. Approximately 

half of the classes had over 40 minutes, while the remainder 
_ had from 30 to 35 minutes, with the exception of one 26 
minute period. 

Because of this great difference in the length of class 
| periods it was feared that many students would not have an 
opportunity to work on the last few sections of the test. 

| To counteract this, some of the groups began work with 
Section VII and worked backwards. This did not work out 


| satisfactorily so the tactics were changed and other groups 
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began with Section III and worked to the end of the test, then 
returning to the first parts. This proved to be the better 
plan as it did not give the pupil a feeling of “working 
backwards" as much as starting with Section VII did. 

For each discussion concerning the results obtained 
on this test the author has included at least two tables. 
These tables are designated as Table X (or some other numeral) 
Aor B. In each case, Table A is the actual number of 
attempts, correct attempts, and incorrect attempts. Similarly, 
Table B is the percentages of the same facts. The percentage 
of incorrect attempts and the pergentage of correct attempts 
are based upon the number of attempts, while the percentage 
of attempts is based upon 462 (the total number taking the 
test). The author has based his discussion on Tables B as 
he believes these tables give a more accurate representation 
of the situation. 

For convenience, the author has indicated the tables 
pertinent to the section being discussed along with the head- 


ing for the section. 


A. THE TEST AS A WHOLE 
(Table VII, Figure 1, Tables VIII A and VIII B) 
Results obtained on the test were guite satisfactory 
in that they show differences in the results of the various 
items and sections. It is these differences which show where 


pupils are encountering trouble in solving word problems. 
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Table VII gives a brief picture of how the various 
classes and the entire group did. All scores indicated 
in the table are arithmetical averages obtained by dividing 
the total eae of correct responses for the particular 
column by the number taking the test in the group. 

The mean score for the entire group of 462 subjects is 
29.95. From a glance at Table VII it is apparent that this 
number does not give a satisfactory value for the whole 
group. Actually three divisions are indicated. The first 
of these divisions contains means of 40.43 and above, the 
second means of 28.43 through 37.25 and the third means of 
11.06 through 18.00. The standard deviation for the entire 
group is 13.08. 

There are two reasons for this great variation of mean 
seores for the groups. They are (1) the time element and 
(2) some groups started with the sections of the test which 
provided fewer points toward the total score. In scoring 
the test, one point was given for each correct answer, a 
possible total of 54. From the results, it appears that a 
period of at least 40 minutes is desirable in order to 
obtain best results. 

Individual scores ranged from 1 to 51 with the average 
score being 29.95. Two girls received a total of 51 points. 
The most common scores were 37 and 40, there being 46 students 
evenly divided between these two. Figure 1 is a graphic 


representation of the individual scores plotted against the 
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TABLE VII - RESULTS BY CLASSES 56 


Results of algebra test on Solving word problems. 
Studonts scv.ros art raw scevres. Group scoros arc averages cf E 
proup testocd. 


No NO. Scetion ; Liege 
sondoni/ Grom St2/| win 
YVSSsioLlo 5 fora 


S¢ 
0.32 /1.29 [3.29 43.89 
13.40 
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ee fo. 2.22 | 41.48 | 
5 £8 43 tir | 42.12 
6 OF ie le. | 1.96 | 40.03 _ 
en Pane 0 25/2.25. 37.25 
Bi a 41 0.80 | 36.76 
a Sa ae ae 0.93| 36.57 
LOA g acta 0.23| 35.31 
thie 23 | 26 2/ | 32.22 
12° 3 32 | 33 0.13| 31.38 
13M Fea 29.47 
14: Pays Aare 
130 26 |e 1.00] 18.00 __ 
ieee Ut | ae ton | 7| 16.22 
18g 21 |33 15.19 
19 ge 24 | 32 13.54 


20 f 32 [33 | 0.19/1.63 


2 0 _|o.4a/2.76| 12.06 
21 Totals 462 9.31|5.73 | 6.74 | 6.37 0.05] 0.43/1.36 29.95 


22 1/ Number of students_ 


23 2/ No attempts seis 

24 3/ Started with Section III and worked to end of test then ; 
“returned to first sections 

=) 4/ Started with Section VII and worked backwards 

26 There is a key available for the lettering of the Groups 
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TABLE VIII A - FIGURES FOR ENTIRE THST 


Section Attempts Correct Incorrect 


Totals 17364 13884 3480 


TABLE VIII B - PERCENTAGES FOR ENTIRE TEST 


Section Percentage Percentage of Percentage of 
of Attempts Correct Attempts Incorrect Attempts 


Totals 69.6 


frequency of these scores. 
The fact that the curve is bi-modal stands out in the 


graph. It can be seen that a gradual increase occurs from 
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1 to 16 then the curve drops slowly to 26 and rises again 
more sharply than before. ‘The left peak of the curve rep- 
resents the scores of the pupils who started with Section 
III or VII and thus did not have an opportunity to make as 
large a score as the others. ‘The right half of the curve 
has a slight protrusion at the beginning of the ascent 
which represents the scores of the students starting with 
Section I but having less than 40 minutes testing time. 
the remainder of the curve represents the scores of the 
pupils who had 40 or more minutes to work on the test. 

From these results it appears that the students are 
well prepared in most of the steps of solving word problems. 
Only in the last three sections are serious discrepancies 
encountered. These steps are perhaps the most important 
ones of aoe It may be an indication that the pupils should 
receive better instructions in these phases of problem 
solving. More will be said about the various sections of 


the test in the next part of this chapter. 


B. THE INDIVIDUAL SECTIONS 
I. Vocabulary (Tables IX A and IX B) 
Upon checking the results of this section, it was 


discovered that approximately 82 per cent of the attempts 


were correct. This leads to the conclusion that pupils are 


well prepared in the vocabulary needed in the solution of 


woed problems. 
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There are four words which stand out as being most 
frequently missed on the test. These are "factor", "integer", 
"“nrime number", and "reciprocal". 


The reason for the number of errors occurring on “integer" 
& 24 


_ and "prime number" is that two numbers were given in the 


column containing the definitions or examples. If the wrong 
one were chosen for “integer" this would make "prime number" 
wrong, also. For those who matched Q (3) with "integer" had 
N (6) left to match with "prime number". Six is not a prime 
number so is therefore incorrect. The directions stated 
that the most appropiate definition should be matched with 
the vocabulary word. This would mean matching Q (3) with 
"“yrime number " and would leave N (6) to match with "integer". 

It is not as easy to find reasons for the number of 
errors with "factor" and "reciprocal". From looking over the 
test papers there iz no one definition which was generally 
matched incorrectly with either of these words. 

However, it is gratifying to discover that the pupils 
are well versed in the vocabulary needed to solve verbal 


problems. 


II. Arithmetic (Tables X A and X B) 

The pupils did slightly better than 82 per cent of the 
exercises they attempted in this section. It is apparent 
that they have a good background in arithmetic with but one 


notable exception. That exception is decimals. Among the 
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TABLE IX A = FIGURES FOR SECTION I 


Number Attempts Correct Incorrect 


Totals 4996 4294 


Number Percentage of Percentage of Pereentage of 
Attempts Correct Attempts Incorrect Attempts 


Trek 94.9 
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16 56.3 61.5 : 


1°23) 


Totals 67.7 82.4 i7. 
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most often missed examples of the group were numbers 3 and 4 
which are multiplying and @ividing decimals. The one large 
error here occurred in placing the decimal point in the 
correct place. Many of those who attempted the problems had 
the correct figures but did not place the decimal point in 


the correct place. 


TABLE X A - FIGURES FOR SECTION II 


Number Attempts Correct Incorrect 


1 43 

2 372 340 32 

3 365 277 88 

4 360 285 75 

5 357 283 74 

6 353 296 BY 

7 350 290 60 

8 347 308 9 

9 344 246 98 
Totals 3218 2652 566 


TABLE X B - PERCENTAGES FOR SECTION II 


Number Percentage of Percentage of Percentage of 
Attempts Correct Attempts Incorrect Attempts 


Totals 


Another common mistake occurred in number 5 which is 


_ the addition of two fractions. Some missed this by not 
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obtaining the correct denominator while others tried to find 
the solution by multiplying the two numbers. 

The largest number of errors on this section occurred 
with the last example. This was a straight division problen. 
Many tried to do it with decimals while others tried to reduce 
the f¥action obtained. In the directions they were asked to 


leave the remainders as fractions. 


III. Algebra Fundamentals (Tables XI A and XI B) 

With this section, the author discovered a good back- 
ground in the fundamentals of algebra. among the ten 
examples chosen for this section, two caused some difficulty, 
While two others caused a great deal more difficulty. The 
two causing some difficulty are numbers 4 and 9, while 
numbers 7 and 10 caused a great deal of difficulty. 

Example number four is the subtraction of a negative 
number from a positive number. Wot changing the sign was 
the main reason that many missed this. lumber nine is an 
example in factoring. The expression to be factored is 
ex®4+ xX - 6. The solution is (2X - 3)(X +2). Many inter- 
changed the signs or some of the numbers in their solutions. 
One person wrote “not factorable" on his answer sheet for 
this problem. 

Example number seven is the addition of two algebraic 
fractions which equal 26. iiany missed this because of not 


obtaining the correct denominator or because they failed to 
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multiply both sides of the equation by 12. It is interesting 


to note that the addition of fractions in both the arithmetic 


section and the section on algebra fundamentals caused trouble. 


TABLE XI A - FIGURES FOR SECTION III 


Number Attempts Correct incorrect 


Number Percentage Percentage of 
of Attempts Correct Attempts Incorrect Attempts 


Percentage of 


85.1 
79.7 
10 58.4 


Totals 82.6 


The author included one formula to solve in this group. 


It was this problem which the greatest number of pupils 


missed. Only 41.5 per cent of those attempting this exercise 


obtained the correct answer. There were many different 
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incorrect answers given, typical of these were: N -1 


CR 
N=: N _, and others similar to these. It appears that 
ar 


classes in algebra have not had adequate instruction in the 
solution of formulas. This is an ability that will be needed 
when the student takes courses in chemistry and physics and 


should be well taught in the algebra classes. 


IV. Reading (Tables XII A and XII B) 

It was on this section that the students compiled their 
best record on the test. They answered 83.4 per cent of their 
attempts correctly. There are two possible reasons for this 
high ratio of correct attempts. fFerhaps the pupils can read 
problems and obtain the desired information. The other 
alternative may be that this section of the test is poorly 
constructed and that the problems and questions did not 
present enough difficulty to the student. | 

There is only one case in which the majority of the 
pupils failed in its attempt to answer the question. That 

| Was the last statement which required the reciprocal to the 
number stated in the problem. It is notable that a majority 

| failed this item and that the word "reciprocal" was one of 

the most frequently missed words in the vocabulary section. 

From the results obtained with this test, however, it 

| seems to indicate that pupils are able to read verbal problems 


‘and locate information about them without too much difficulty. 
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TABLE XII A - FIGURES FOR SECTION IV 


Attempts Correct Incorrect 


Totals 3561 2968 


Number Percentage Percentage of Percentage of 
of Attempts Correct Attempts Incorrect Attempts 


88.2 
91.4 
82.9 
86.7 


5.-A ie 
-B 635.32 


Totals Trot 


V. Seb’ting up Algebraic Expressions (Tables XIII A and XIII B) 
This was the section of the test from which the poorest 
results were obtained. Therefore, the conclusion drawn is 
that this step in the solution of word problems is causing 
the greatest difficulty for algebra students. 
One reason for the low percentage of correct attempts 


on the first problem is because it contains two unknowns. 


| 


46 


Y r / : nis RG 
oA ON nie i nd rahe rx | 
+ _ V 
‘Lith 
"2 Ona 8: i oe Sete T A 
Y sae ee ae yee nf + Gest sh. i . Yet nerd 
om aL Sb si SS ee ran} A 
. ~~ ~ r a P a <2 
ut OsY3 ) oe Troy eiquetvia ~tedguiti 
. pes! a” 
~ _ - re ee ne og i ! 
sth 2" See ; ' 
» “ \O h- . i | ; 
4 e a4 
- , a : 
Po en 
: Lt C i- Ss i 
} M z on pratt —on mere ngnethe — tine epinate 
J »? 4 \ ‘ bs 
ee 
” i : 
ry = ee 
“st & eal 
ns aac a i 
‘ hay , 
bo Siete" Ane 
iN " < : 
Fats bane Le aed 1S aly ' ’ a 
_— + brlimegiiongsh Oe A TT eee ‘ 
7 . > 
J ea 23) p= 2G | 
f 4 r a «% 7 
i ‘ ; i } 
. a 2 ao > Wee ' ‘ 
: 6 ee ya a? 4 y, sé 
mad x “| 
} oacad oe ee dé ahs HLeT ep 
‘ es -- — eo ~~ ™ ee eee oY 
- ’ ‘ ' - a rT TTY Tora t 
a a we APs ats ee) B ips | ne a, foe MA 
oe | sede ee < cng Oe mS me siesta gabe tal eialan pat a tpg 


a ‘ f Ley 0 va Sarg Fs a My. Sgea i 6OT% z to dm 
Ne ~AMbITR Tostroori etararrn Toerroy eo iget Fs us i i 


- ee ee ane ee ae, Ce 


% a ’ - 
° wa se > 6 . 4 a. 
‘ a ‘ao 
. aa ee 2.S3 
nr r Cr >t ‘an 
. { e week he Fass ot 
- r ~ i my ye 
te - ¥vo8 Pe he 
a -—— ~ - ~ _—_—_ ere ee ~~ — ee ee ry Seine — Pet ee Tn or are i 
{ ebe Cs , . H OD 
ré ‘ f er 
Tied ‘~ ae oa weak 
; o - 4 
-~-* ZL — a4 a prs > 
s r -~— er , tr 
: am S a ek 2 a. Se i Se pals Pt _&. ‘oR 
> Bre & r. x 
. « ” ea 
™ a. 
e' fa Vee £.as 
— ~~ ee ns 1) he Sea a 
ie eee cane 
, ai > ae A ae 
G', Tad, i oe . aes fed oh 
~satiiedl a> . noch itp ere are tee SL STR oom sherbet ts magn Si gt ee ' Be ye 
> . (a , ; : ne afeell) one Fein espera PhS 
: is. tm MISS bia. OSsoey nofvastaxe: otetdes pe ane 


= 
7 


“ -escebyte arday pe ‘ot are 
4 tie 


as 
Se ns 
) 


ag. To aati ‘eo, 


: 

7* 
2 

-s 


“ar 


eo Rit i Brae 
si iq 


i dl | f ‘i suet 


ta 


The majority of pupils attempting this problem tried to set 
up expressions in one unknown--usually that of the boat's 
rate of speed. Their reason for doing this may be that the 


example given was in one unknown. 


TABLE XIII A - FIGURES FOR SECTION V 
Number Attempts Correct Incorrect 


1 259 3 256 
221 2 201 


re @) 
Totals 480 25 457 


TABLE AIII B - PHKCENTAGES FOR SECTION V 


Number Percentage Percentage of Percentage of | 
of Attempts Correct Attempts Incorreet Attempts | 


£ 56.1 5 oe 98.8 
2 47.8 ee | 90.9 
Totals 52.9 4.8 95.2 


Another reason for the great number of errors in this 


section may be that the problems were not as familar to the 
students as some of the other types of word problems are. 
One of the teachers reported that she did not place much 
emphasis upon up-and-down-stream problems. 

Because this section was placed after the four sections 
which had the greatest amount of reading and figuring, it is 
possible that the student became rushed for time when he 
reached this part of the test so began to hurry in order to 

finish. If this assumption is true then this may be a reason 


_ for the poor performance. 
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There are two interesting facts to note about this section. 
The first is that only one student set up correct expressions 
for each of the problems. The other is that one pupil wrote, 
"Can't do worded problems" on his answer sheet in the space 


provided for him to write the expressions. 


VI. Setting up Equations (Tables XIV A and XIV B) 

From this section, the author found that approximately 
one-half of the attempts to set up equations were correct. 
However, within the section a large discrepancy occurs. The 
first equation was properly set up by over 64 per cent of 
those trying while in the second problem approximately three- 


quarters of the attempts resulted in failure. 


TABLE XIV A - FIGURES FOR SECTION VI 


Number Attempts Correct Incorrect 


ne 252 162 90 
2 154 3 a 9 4 


if 
Totals 4.06 199 207 


TABLE XIV B - PERCENTAGES FOR SECTION VI 


Number Percentage Percentage of Percentage of 
of Attempts Correct Attempts Incorrect Attempts 


1 54.6 64.3 35.7 
2 35.3 24.0 76.0 


Totals 44.0 49.0 51.0 


The most common errors in the /first equations were; 


X%+9=xz#Zork+9=k. The correct equation for this 
re 
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problem is X, X= 9 (or this information in some other 


12 

arrangement). 

In the second problem there were numerous attempts to 
set up an equation. the correct equation should be: 
1/4(60 + X) = 6 + X (or this information in some other arrang- 
ment). The two most common mistakes were: 1/4(60+ X) =X 
and 1/4(60+ X) = 6. In general, it may be stated that they 
did not realize that the two equal expressions should be set 
equal to each other in the equation. 

While it may not be safe to draw too general conclusions 
from such a limited sample, it appears that more instruction 


should be given on setting up equations. 


VII. Solving Equations (Tables XV A and X¥ B) 

Results on this section of the test are not as good as 
those for Sections I through IV, but they are much better 
than those for Sections V and VI. It appears that students 
do fatrly well in solving equations of the types included in 
the test, but that more practice is needed in the solution of 
these kinds of equations. 

Among the reasons for missing the first problem were the 
interchanging of the prices of tomatoes and peaches. This is 


the only one which difinitely showed up on the answer sheets. 
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If the paper upon which the pupils @id their work were available 


other reasons could possibly be discovered. 
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TABLE XV A - FIGURES FOR SECTION VII 


Number Attempts Correct Incorrect 


TABLE XV B - PERCENTAGES FOR SECTION VII 


Number Percentage ‘Yercentage of Percentage of 
of Attempts Correct Attempts Incorrect Attempts 


Totals 


The reason for missing the third problem is probably 
because the students did not know how to apply the quadratic 
formula in this case. Another possible reason is that they 
did not know how to extract square roots. 

For the second problem no reason for the errors showed 
up on the answer sheets. There were a variety of incorrect 


answers, but the author is unable to state any reason for 


these. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


In this thesis the author has considered the problem 
of discovering where pupils make mistakes in word problems 
in algebra. To accomplish this it became necessary to con- 
struct a test to be used in compiling data for this report. 
This test was given to 462 students representing six 
schools in Massachusetts and Vermont. The composition of 
this group has been analyzed in Chapter III of this thesis. 
The writer has discussed the validity and reliability 
of the test and in addition has given other correlations which | 
were obtained. Chapter II contains a discription of the test 
as a whole as well as a discussion of the individual sections 
Which go to make up the testing instrument. 
In Chapter 1V is presented the results obtained from 
the administering of the test with interpretations. Tables 
have been used extensively in this chapter in order to give 
a true representation of the results item by item as well 
as by sections and of the test in its entirety. To discuss 
each item would lead to confusion and unnecessary work since 
the topic under consideration is locating difficulties. The 
tables can tell the story about those items which seem to 
offer little difficulty. 


From the results of the test, the author draws several 


Boston University 
Schoo! of Education 
Library 


4 ' 
1 
- 
‘ 
| 
: 
: : 
** + 
P 
‘ 
thr ¢ P > wr a hd PP eriy e Fy ey 
. . . & ha! W U7ese tet tiorta tad s JlaéA 
‘ ‘ 
“ r ra 
: " 
; ; e204 y exe ry 
. j » | t = - } ewe 
~ 4 C w 3 a°TY 
© cr i> f 2 « PY a © - é 
Ne he “ pe : » 
5 + et a 5 7 
> . , 4 em-vaisd 
’ 
F i Paw « 
y ; A 4 ~ a 2k 
" - P e 4 
* | ivy Ud 
’ 
: nD v-U . o * “a 7T ont 
4 3 ) ‘ A S Les Gee 
+ i ; 7 
uy 
5 " 4 > 
° i 
4 , 8! iv a 
“7 ~ <b es wn Fig out ay Py ee er 
i a "ey =F: 7 LOM 
¥- i? 


‘Ki Stitnt lL ai teet oft To Bess ape: 
| yan BY if » 
obi VeBZacootty. ore molest cos of Beel Rfc ow apse 10K 
: Bf is a a 
, i Lin ' ivy 


MA Gi iow ameth escd? Idods wae te ons gfe ax, 
as Sa pen a TT 


Caen "oO vg ah 


' 


wath sods ue-ent 


important conclusions. These conclusions are: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Setting up algebraic expressions appears 

to be the most difficult step for pupils 

to perform. 

Setting up algebraic equations appears 

to be the next most difficult step for 
students. 

The solution of simultaneous and quadratic 
equations is a common difficulty. Approx- 
imately 25 per cent of the group failed to 
solve these equations correctly. 

The use of decimals is troublesome to nearly 
one-quarter of the pupils. Not placing the 
decimal point in the correct place is the 

most common error. 

The addition of fractions in both arithmetic 
and algebra proved troublesome. Approximately 
20 per cent of the students missed in the 
arithmetic and 45 per cent missed in the algebra. 
There is a tendency to confuse the words "inte- 
ger" and "prime number". Teachers should make 
the meanings of these terms clear. 

The meaning of "reciprocal" is not known by 

40 per cent of the pupils. Almost 83 per cent 
did not know how to use the reciprocal of a 


number when asked to do so. 
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| (8) The pupils in general have good backgrounds 
in vocabulary, arithmetic, algebra fundamentals, 


and reading. 
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CHAPTER VI 
RECOMMENDATIONS 


At this time the author will make some recommendations 
to various persons concerned with the teaching of verbal 
problems. Among these are the teacher, the supervisor, the 
curriculum planner, and those in schools of education. 

The teacher is the person who has the most influence 
upon the pupil and is therefore the one with whom these 
recommendations will be most concerned. ‘The teacher in the 
elementary grades has not succeeded in giving the pupil 
lasting instruction in the use of decimals and the addition | 
of fractions. These teachers should give more thorough | 
instructions covering these topics. | 

In the high school, the algebra teacher should review | 


the backgrounds of his pupils and reteach those areas which 


appear to be below normal. In the algebra work the pupils 
should be given more practice in the solution of formulas 
and the addition of algebraic fractions. 

The setting up of algrbraic expressions should be given 
more emphasis in order that the student will see why certain 
expressions should receive values which are different from 
other expressions. He should also be able to decide which 
expression is to be used as a basis for comparison with the 
other expressions. Since this step appears to cause the great-_ 


est difficulty in problem solving, adequare instruction 
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on this point may help a great deal in the successful solution 
of word problems. More practice should also be allotted to 
the setting up of equations and the solution of equations. 

The supervisors should be held responsible for seeing 
that the classroom teachers receive whatever help is needed 
to put better teaching methods into operation. Curriculum 
planners should allow more time for the teaching of problem 
solution. Much of this time should be spent on setting up 
algebraic expressions and equations. 

Our schools of education in their methods of teaching 
courses should place more emphasis on the solution of verbal 
problems. This would give potential teachers of mathematics 
an insight into some of the difficulties they will encounter. 


Since many teachers do not receive adequate experience as 


student teachers before they enter the classroom such a procedure 


seems to be highly desirable. 


The setting up of algebraic expressions appears to be the 


point at which most emphasis should be placed by all persons 


concerned. It is this step which causes the most difficulty 


and should receive more and better instruction. 
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Copy Noe | 


Goneral Directions 


Romove the answor shoct from this bovuklcot and fill in tho blanks 
with the roquired information. Put all answors on the answer 
shoot. Do NOT writo in £his booklot. Uso tho blank shoot of 
paper for figuring. If morc papor is nccdced usc tho back cf tho 
Answor shoct. 


Whon the command to start is given yeu arc tu commence working 
and tc. complotc as many of the cxerciscs as pissiblo in the timo 
you have. If onc socticn scoms tu give you toruble lcavo it and 
gu on to anvcthcr. Come back to the harder cnes aftcr you havo 
evmploted thusc you can do casily. 


Directions 


im Colm Ads a dist of terms. found in Algebra. 
wMateh the definition in Column B with tho 
Thocre may be murec than unc dofinition for 

ch..sc the mst appripriate definition. 
De not usc any lcttcr morc than vcncc. 
8 and lettors M 


a dsc. of .Aofinitions. 
tcorm in ccelyumn Ae 
tcrims. 


of aGhC 


Some 


Numbcrs 1 to 


SECTION I--VOCABULARY 


Lt 480: 


has boon dunc as an cxamplc. 


Column, A. 


(C) Beinomial 


to U With mtombers 9 tu 


Match lottcors A to L with 
16. Numbcr O 


Column B 


Rosult obtained by divisivun. 


Product B. One variable varics invcrsly with 
guoticnt the other. 
Direct variation Cu leyame er =. Lid. 
Bi-annually D. Every 5 years. 
Sum E. Result obtaincd by multiplication. 
Perceons F. Ong variable varics diroctly with 
Equal the sther. 
Constant G. Proportion of parts of “a hundred. 
Formula H. Has a fixed value. 
Pruopertion Ie Having the same value as another 
Cuensccutive quantity. 
Factur J. Rosult vbtaincd by addition. 
Fraction K. Result obtaincd by subracticn. 
Intcgor Le Every 2 years. 
Prime number Me Torms which follow dircctly after 
Reciprscal ene another. 

N. 6. 

P. A * iBh. 

a 
Qe oe 
R. Onc of 2 or more torms uscd in form- 
ing a product. 
S. B/3s 
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Ay 8° 
U. The answor when the numbor 1 is 


divided by a numbcr. 
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SECTION II--ARITHwETIC 


Directions 
Solve the following examples by performing the indicated operations. 
Show all remainders as fractions. +44 
1s 3682 as Food be? Ole 4. .45)9.04590 De 
+8753 -5678 X356.1 
1940 
Go 3.) te ra 8 Se x 5 9. 24)5379 
é 5 on. SG 
SECTIUN III--ALGEBRA (Fundamentals) 
Directions 


Find answers to the following exercises by performing the indicated 
operations. 


Ls: =; Bee 225 2. KAS S27 S tb =12 22 4, (/6)-(-8) = 
Y= x = b= 
5. (-2)(-4) = Ge (=3S)(¥e) = Va Sh x K = 26 
~~ Kf 
> aoe 

a. (27 Se = a= (9, Factor: 2x* ¢ x - 6 
1. Solve for Nee DoD Ay Dh 

r= FOR 


SECTION IV--READING 


Directions 
Read each problem throughly and then complete the statements follow- 
ing the problems Put your answers on the answer sheet. Do NOT 
solve the problem in order to complete the stetements. 


QO. (Example): The first angie of a triangle is twice as large as the 
second angle and the third angle is three times as large as the 
second angle. 

Statements: A. The third angle is 1 1/2 times as large as the 

first angle. 
B. The end angie is the smallest angle of the triangle. 


l. A stenographer requires 30 hours to type a certain manuscript. 
A second stenographer, who takes 2 minutes more to cach page, 
requires 40 hours to finish the same manuscript. 

Statements: A. The first stenographer types 4 page in 2 minutes 

time than the second. 
B. It takes the second stenographer hours longer 
to type the manuscript. 


Ce A field has four sides of uneq ual lengths and the distance 
around the field is 112 rods. The first side is twice the length 
of the second side, the third side is 10 rods longer than the 
second side, and the fourth side is 12.rods shorter than the 
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Section IV-Con't 


second side. 
Statements: A. The side is the shortest side. 
B. The second side is tase size or the first side, 


Se A commuter returning by train from his office ordinarily reaches 
his suburban station at 5 ofclock. His chauffeur leaves his 
home with a car just in time to meet the man when the train 
arrives, and drives him back home. on a certain day the man 
takes a train which arrives at the station 1 hour earlier. “e 
walks toward home until he incets his chauffcour and car. The 
chauffeur turns and drives the man the rest of the way home, 
arriving home 20 minutcs carlicr than usual. 

Statcments:. A. By taking the carlicr train the man was able to arrive 

home sooner than he ordinarily would have. 
B. The man arrived at the station at o'clock. 


4. A 1O-gallon cask contains purc alcohol. Five gallons are drawn 
off and replaced by water; then 5 gallons of the mixture are 
drawn off and replaced by water, and so on until 8 drawings and 
8 replacements have been made. 

Statements: A. In all dra wings are made. 

B. After the last replacement the cask contains 
gallons of thc mixture. 


De A man owns a horsc, a carriagc worth $100 morc than the horse, 
and a harness. The horse and harness are together worth three- 
fourths the valuc of the carriage, and the carriage and harness 
are together worth $50 lcss than twicc the valuc of the horse. 

Sta tcments: A. The horse is owth 100 than the carriage. 

B. The carriage is worth ~ times as much as the 
horse and harness. 


SECTION V--SETTING UP ALGEBRAIC EXPRESSICNS 


Directions 
set up the values you would give the unknown guatities needed 
to find the answer in the following exercises. Do NuT set up 
the equation. 


O. (Example): You will be given this informa:tion: 
-A father is three times as old as his son. Five years ago he 
was 5 times as old as his son was then. What are their present 
ages? 
You. are to Go. this: xX Son's age 
Father's age 
Son's age 5 years ago 
Father's age 5 years ago 


Ww 
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wou at 


1. A motor boat goes 36 miles down a river in 2 hours and comes back 
the same distance in 3 hours. Find the boat's own rate. 


2. How many ounces of water must be added to a mixture of 1 ounce 
of ammonia and 10 ounces of water to make a solution that is 
1% ammonia? 
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SuCTIUN VIe-S.TTING UP LY YZUATIONS 
birections 
From the information given you are to set up the equation needed 
to solve the problem. Do NOT solve the equation. 
QO. (Zxample): You will be given this information: 
A grocer wishes to produce a 42-cent coffee by mixing a 40-cent 
coffee with a 60-cent coffee. How much of each grade should 
he use to make 45 pounds of the mixture? 
N = Number of pounds of 40-cent coffee 
45 - N = Number of pounds of 60-cent coffee 
40ON = Cost of 40-cent coffee in cents 
(60)(45 = N) = Cost of GO-cent coffee in cents 
(42)(45) = Cost of mixture in cents 
You are to do this: Equation: 40N # (60)(45 - N) ® (42)(45) 
A boat can go 12 miles an hour downstream and 6 miles an hour 
upstream. Some boys hire the boat to go down the river as far 
as they can go and still get back in 9 hours. How many miles 
down the river can they go? 


Soe 
1 


= Number 


Number 
Number 


Wuuiber 


Of miles 
of hours 


of hours 


of hours 


to go downstream 


to go upstream 


miquation: 


ea A man wishes to add enough alcohol to 60 quarts of a 10% 


solution to form a 25% solutions. How many quarts of alcohol 


must he add? 
A oe 
eee x 
(1/4) ( x) 
ane 


6 
6 £ x* 


Number 
Nuinber 
Number 
Number 
Nuwibcr 
Number 


quarts 
quarts 
quarts 
quarts 
quarts 
quarts 


alcohol added 
new solution 


aeons | 
alcohol 
alcohol 
alcohol 


in 
aaa) 
alia! 
slat 


new 
oid 
old 
new 


SOLUGLOS 
solution 
solution 
solution 


Equation: 


SECTIUN VII--SULVING BJUATIONS 


Directions 
From the information givgn and the equation set up find the 
answcor to the qucstion agkcd in the problem. 


O. (Exauple): You will be givon information similar to this: 


The sum of two consccutivo mMuubcrs 18 55. Find tho numbers. 


A = First nwabcr 
X # 1 = Second number 
55 = Zum of the numbers 
Eguation: xX / X f 1 = 55 
You sre 416 06 this: 2X = 54 
SO a aay | 27 4st New. 
X £1 = 28 Sale 


; 28 2nd No. 
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Scetion VII-Con't Pars 5 


1. I can buy 6 cans of peachcs and lé cans of tomatocs for 1.68, 
or 12 cans of poachces and 6 cans of tomatocs for pl.92. What 
is tho price por can of cach? 

Prices of 1 can of :pcachos 

Priced .of 1. ¢an- or tomatocs 

Pri¢o. of 6 cans of: peachos 

Price or 12 cans el: tomatoes 

Priec, of 2 eans of pcachos 

Prico of 6 cans of tomatocs 
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Eyuations:. 6X 4 12y 
12x # 6Y 


Ce Ono-half hour aftcr an aviator, flying at the rato of 110 milcs 
eum hour, Jlcit a certain placc, another airplanc' startcd from 
he samc placc to overtakc him. ‘How long will it take the 
secone Aviator, ab the. rate of 150 milos an hour to overtake 
the first? 


bie Nombor ol hours nesdaed 
h # 1/2 = Number cf hours first planc travcls 
110(h # 1/2) = Numbor of miles first planc travols 


150h Numbcr of miles sccond planc travcls 


Homat tom: 130h A 1OCn # We). 


Oe The sum of the squercs of two consccutive odd numbérs is 394. 
Find the numbers. 
A Kinet, odd. number 
X # 2 = Second cdd number 
394 = Sum of the squarcs of the numbers 


Equation: xe 4 (x # 2)* = 394 
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Section Vr 
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ANSWER SHEET 


Age Dete 


First Middle Initial 


Section 


City 
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Have you teken Algebre before this Year_ ? 


Section IV 


lA. 


Section VIT 


l. 


or 


Peaches 
Tometoes 
Hours 
List 10% 


end noe 


KEY TO TEST 


Section III Section IV 
(Algebra) ( Reading) 
Leaeld 1.4..Less 
B..10 
ry 
2.4..4th 
Sii416 Bixi/2 
4...14 5.4..20 Min. 
Bo. 
Bo... S 
a a 8 


6...-18 B..10 
Teeeat 5.A4..Less 
8...X° + 2x - 8 ae 
9...(2X -3)(X+ 2) 


10..N = CR 
Ch 


Yection I Section II 
(Vocabulary) (Arithmetic) 
baa (Re) Les «lLeS75 
2..(A) 
3..(F) Ric coote 
4..(L) 
5..(d) 3 oe 22949257 
6..(G) 
Teche Acc, LOZ 
8..(H) 
BactE) 5.0057 
16..(3) 24 
ce ce} 
12..(8) Gia? 
13..(8) 30 
14...(8) 
15..(Q) eres | 
16... (8) 64 
8.0250 
48 
9,..224 1/8 
Section V . 
(Setting up algebraic expressions) 
1. X = Boat's rate 
Y = Rate of Current 
X+Y = Rate downstream 
X- Y = Rate upstream 
2(xX 


(X+¥Y) = Number of miles downstream 


3(X-Y) = Number of miles upstream 


2. A& = Number of ounces of water added 
ll = Number of ounces in first solution 
XT11 = Number of ounces in new solution 


(1/100)(11+ X) = Number of ounces of ammonia in new solution 


1 = number of ounces of ammonia in first solution 


Section VI 


da 2 Ba 9 
T27é 


(Setting up equations) 


| 8 (1/4)(60+X) = 6+X% 


Section VII 
(Solving equations) 


1...12¢ Peaches 
8¢ Tomatos 


2...2 3/4 Hours 


~ BeeelS or -15 First number 
15 or -13 Second number 
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